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(54) SCLERAL PLUG CONTAINING PROTEINACEOUS MEDICINE 

(57) The present invention provides a technique 
enabling a drug of protein derivatives such as an inter- 
feron-p to be effectively applied to intraocular diseases 
such as diseases of a vitreous body, retina, and the like. 
Namely, the present invention provides a composition 
comprising a drug of protein derivatives adsorbed on a 
surface of fine particles of a lactic acid copolymer, and 
also a scleral plug formed from the composition. The 
average diameter of the fine particles is less than 1 ,000 
nanometers, preferably within a range of 50 to 500 
nanometers. The drug of protein derivatives is, for 
example, an interferon, particularly an interferon-p. The 
lactic acid copolymer preferably comprises lactic acid 
units and glycoJic acid units. 
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Description 

Technical Field 

[0001] The present invention provides a novel sus- 
tained-release composition of a drug of protein derive* 
tives that is liable to be inactivated by heating or contact 
with an organic solvent. In particular, the present inven- 
tion provides a technique of forming the composition 
into a scleral plug for allowing the drug to be released 
into a vitreous body tor treatment or prevention of 
intraocular diseases. 



[0002] intraocular diseases such as diseases of a ret- 
ina or vitreous body are often intractable, and a devel- 
opment of an effective treatment method is eagerly 
desired. Though ocular diseases are most generally 
treated by instillation of drugs, the drugs are hardly 
delivered to the intraocular tissues such as a retina and 
vitreous body, rendering the treatment of the intraocular 
diseases all the more difficult. An attempt was made to 
treat the diseases by intravenous administration or the 
like. However, because of a blood-aqueous barrier, it is 
difficult to allow the drug to be delivered to attain an 
effective concentration. A method is known in which the 
drug is directly injected into the vitreous body. However, 
injection of a high concentration drug all at once causes 
damage to intraocular tissues and, moreover, it is not 
practical to repeat the injection because of the danger of 
infection and the cumbersomeness of treatment proce- 
dure. 

[0003] In view of this, a scleral plug made of a biode- 
gradable copolymer was devised (See Japanese Laid- 
open Patent Publication No. HEI 06-312943). This scle- 
ral plug is formed from a lactic acid copolymer made of 
lactic acid units and ojycolic acid units, containing a 
drug, whereby the drug is gradually released into a vit- 
reous body by utilizing the biodegradability of the copol- 
ymer in order to treat the diseases in the vitreous body 
or retina. In addition, the scleral plug can be easily 
inserted into a small incision of sclera that is formed at 
the time of a vitreoretinal surgery or the like. The 
present invention has been made by applying a funda- 
mental technique of scleral plug disclosed in Japanese 
Laid-open Patent Publication No. HEI 06-312943 and by 
adding thereto a novel technique for more effective 
application to a drug of protein derivatives that is liable 
to lose activity by heating or contact with an organic sol* 
vent 

[0004] In the meantime, numerous techniques using a 
microsphere were reported aiming at controlled release 
of drugs. Recently, there was reported a technique that 
utilizes nanospheres, i.e. fine particles having a particle 
diameter in the order of nanometers (See "Journal of 
Controlled Release, 25, 89-98, Japanese Laid-open 
Patent Publication No. HEI 05-58882, and the like). 



These techniques involve incorporating a drug into 
finely granulated capsules in order to control release of 
the drug. Further, the above-mentioned reports on 
nanospheres disclose nanospheres containing a copol- 

£ ymer of lactic acid and glycolic acid. To be more spe- 
cific, they disclose a technique of incorporating a drug 
into capsules by dissolving the copolymer together with 
the drug in a water-miscible organic solvent, emulsifying 
the mixture finally, and evaporating the solvent. Since 

70 the copolymer is highly lipo-soluble, an organic solvent 
is generally used to dissolve the copolymer. Water-mis- 
cible organic solvents are used in the above-mentioned 
reports as well. Accordingly, it is difficult to use these 
techniques for drugs of protein derivatives that are liable 

is to lose their activity by contact with an organic solvent. 
[0005] On the other hand, a lot of known drugs of pro- 
tein derivatives such as an interferon-p are expected to 
be effective on intraocular diseases such as diseases of 
a vitreous body or retina. In particular, the interferon-p 

20 exhibits neovascularization inhibiting property (See 
"Journal of Japanese Ophthalmic Society". 22, 571, 
1 995) and is expected to be effective on macular degen- 
eration, diabetic retinopathy, central retinal vein obstruc- 
tion, glaucoma caused by neovascularization, and the 

25 like. Further, the interferon-^ also has an antiviral prop- 
erty, so that it is expected to be effective on various viral 
infectious diseases of intraocular tissues as well. 
[0006] Although it is eagerly desired to develop a tech- 
nique for applying drugs of protein derivatives such as 

30 an interleron-p effectively on intraocular diseases such 
as diseases of a vitreous body or retina, there is a fun- 
damental problem that the drugs are hardly delivered to 
intraocular tissues such as a vitreous body or retina, 
and also there is a stability concern of the drugs of pro- 

35 tein derivatives, i.e. a problem that the drugs of protein 
derivatives are liable to be inactivated by heating or con- 
tact with an organic solvent so that the application has 
much technical difficulty. 

40 Disclosure of the Invention 

[0007] The inventors paid their attention to a scleral 
plug made of a biodegradable lactic acid copolymer 
capable of releasing a drug easily and effectively into 

as intraocular tissues such as a vitreous body and retina, 
and tried to incorporate a drug of protein derivatives 
such as interferon-p into the scleral plug. However, 
since the lactic acid copolymer is highly Rpo-sdubie, an 
organic solvent is necessary for homogeneously mixing 

so the lactic acid copolymer with the drug. When the 
method was really applied to the drug of protein deriva- 
tives, the activity of the drug of protein derivatives was 
greatly lost. Further, although a known technique (Japa- 
nese laid-open Patent Publication No. HEI 06-312943) 

55 discloses a method of forming a scleral plug by heat- 
molding as a specific example, this method can hardly 
be applied to the drugs of protein derivatives that are lia- 
ble to be deactivated by heating. 
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[0008] Next, an attempt was made to incorporate the 
drug of protein derivatives into fine particles made of a 
lactic acid copolymer and forming the fine partides into 
a scleral plug by compression molding. However, owing 
to the high liposolubility of the lactic acid copolymer, an 5 
organic solvent is needed to incorporate the drug of pro* 
tein derivatives into the fine particles, so that this tech- 
nique was found to be unappticable to drugs of protein 
derivatives. 

[0009] Therefore, an intensive research was made to 10 
find a method of incorporating a drug of protein deriva- 
tives into a lactic acid copolymer substantially without 
contact with an organic solvent. Conventionally, the 
technique of using fine particles such as nanospheres 
aimed at incorporating the drug into the particles. This is 
conventional concept was changed by noting the fact 
that proteins have an amino residue at their terminal 
and, hence, are easily bonded with a carboxylic residue 
of lactic acid copolymers. Thus, the inventors have 
found out thai the drug can be homogeneously dis- so 
persed by allowing the drug to be adsorbed on a surface 
of the fine particles to utilize the extremely large surface 
area of the fine particles. The inventors also have found 
out that, according to this method, the drug of protein 
derivatives need not coexist in the steps of preparing 2s 
the fine particles made of a lactic acid copolymer, so 
that there is substantially no contact of the drug of pro- 
tein derivatives with an organic solvent and the activity 
of the drug does not decrease. In addition, the inventors 
have found out that the fine particles made of a lactic 30 
acid copolymer and having a drug of protein derivatives 
adsorbed on their surface can be easily formed into a 
scleral plug by means of the compression molding tech- 
nique which does not need heating. Further, it has been 
found out that fine particles with their diameters in the 35 
order of nanometers can be easily formed into a scleral 
plug which is excellently homogeneous. 
[001 0] The present invention relates to a composition 
characterized by containing a drug of protein derivatives 
adsorbed on a surface of fine particles made of a lactic 40 
acid copolymer and a scleral plug formed from the com- 
position. 

[0011] In the present invention, the drugs of protein 
derivatives refer to pharmaceutical products containing 
protein in their composition, especially those that can be 45 
expected to have effects on intraocular diseases. Exam- 
ples of the drugs of protein derivatives are interferons 
such as an interferon-p, various monoclonal antibodies, 
cytokines such as irrterleukins, anti-cytokine antibodies, 
and the like. These proteins can contain sugar chains, so 
[001 2] The lactic acid copolymers refer to copolymers 
made of lactic acid units and glyceric acid units. 
[0013] The fine particles refer to those having an 
extremely small average particle diameter, preferably 
those that are so-called "nanospheres" having an aver- 55 
age particle diameter of less than 1,000 nanometers, 
more preferably those having an average particle diam- 
eter within a range of 50 to 500 nanometers. 



[0014] The adsorption refers to a state in which the 
drug is substantially uniformly distributed on a surface 
of the particles and. physically, the drug is hardly des- 
orbed from the surface of the particles. 
[001 5] The scleral plug refers to a biodegradable plug 
having shapes and properties disclosed in Japanese 
Laid-open Patent Publication No. HEI 06-312943. 
[0016] Hereinbetow. a detailed explanation will be 
given. 

[0017] According to the first aspect of the present 
invention, there is provided a composition characterized 
by containing a drug of protein derivatives adsorbed on 
a surface of fine particles made of a lactic acid copoly- 
mer. The composition is usually formed into a scleral 
plug as a final product. The composition can be also 
used as it is as a pharmaceutical product. A process for 
preparing the composrtion will be described briefly here- 
after. First, a lactic acid copolymer is dissolved in an 
organic solvent. The obtained solution is added to an 
aqueous solution of polyvinyl alcohol while stirring, the 
mixture is filtrated. The filtrate is uftracentrifuged and 
the obtained precipitate is re-dispersed in water. Then 
the dispersion is uftracentrifuged again to give fine par- 
ticles, followed by lyophifizing them to obtain fine parti- 
cle powder. The fine particle powder is redispersed in 
water and an aqueous solution of a drug of protein 
derivatives is added thereto. The mixture is stirred and 
lyophilized to obtain the objective composition. Accord- 
ing to this process, there is substantially no contact of 
the drug of protein derivatives with organic solvent, so 
that the activity of the drug of protein derivatives does 
not decrease. 

[0018] According to the second aspect of the present 
invention, there is provided a scleral plug formed from 
the composition of the first aspect of the present inven- 
tion. The scleral plug is mainly intended to be inserted 
through a small incision of a sclera formed at the time of 
vrtreoretinal surgery to allow the drug to be gradually 
released into the vitreous body for treatment of intraoc- 
ular diseases such as diseases of a retina or vitreous 
body. The shape and the strength of the scleral plug are 
determined according to known scleral plugs (See Jap- 
anese Laid-open Patent Publication No. HEI 6-312943). 
Also, since the present invention aims at sustained 
release of the drug, the molecular weight of the lactic 
acid copolymer and the compositional molar ratio of the 
units are determined according to the period of time 
required for the treatment (which varies depending on 
the kind of diseases, symptom, the age of the patient, 
etc.) or the like. For this purpose, the technique dis- 
closed in Japanese Laid-open Patent Publication No. 
HEI 06-312943 can be directly applied. A brief descrip- 
tion of this technique is given below. 
[0019] First the weight average molecular weight of 
the lactic acid copolymer is preferably within a range of 
10.000 to 1 ,000,000. If the molecular weight is less than 
10,000, the obtained scleral plug cannot have a suffi- 
cient strength. On the other hand, if the molecular 
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weight exceeds 1.000.000, the degradation speed of 
the obtained plug will be too slow and also 'rt will be dif- 
ficult to mold the copolymer into the plug. The period of 
time for release of the drug (the period of time for main- 
taining effective concentration) is determined by appro- 5 
priately selecting the molecular weight of the copolymer 
and the compositional molar ratio of the units. From a 
view point of molecular weight, a relationship between 
the period of time for release and the weight average 
molecular weight of the copolymer is shown below. For 70 
a period of time of about 1 to 2 weeks, the molecular 
weight is within a range of about 10,000 to 100.000. 
preferably about 10.000 to 50,000. more preferably 
about 20.000 to 40,000; for the period of about 2 weeks 
to 1 month, the molecular weight is about 10,000 to 15 
200,000. preferably about 20.000 to 100.000, more 
preferably about 20,000 to 50,000; and for the period of 
about 1 month to 6 months, the molecular weight is 
about 10.000 to 1,000,000, preferably about 20,000 to 
400.000, more preferably about 40.000 to 200,000. If 20 
the drug of protein derivatives is an interferon-p, the 
period of time of about 1 month to 6 months is prefera- 
ble. 

[0020] The compositional molar ratio of lactic acid 
units to glycolic acid units in the lactic acid copolymer 25 
also affects the degradabitity of the scleral plug. Namely, 
according as the compositional molar ratio of glycolic 
acid units increases, the hydrophilicity also increases, 
so that the water absorption will be higher to increase 
the degradation speed. If the compositional molar ratio 30 
of glycolic acid units is more than 50%, it will be difficult 
to form a scleral plug because of the solubility problem. 
Accordingly, the compositional molar ratio of lactic acid 
units to glycolic acid units in the copolymer is selected 
within a range of 50/50 to 100/0. If the drug is an inter- 35 
feron-p, the compositional molar ratio of lactic acid units 
to glycolic acid units in the copolymer is preferably 
within a range of 50/50 to 80/20, more preferably within 
a range of 70/30 to 80/20. The lactic acid units can be in 
L-, D-, or DL-form. 40 
[0021] The lactic acid copolymer can be prepared by 
a known method, for example, by the process disclosed 
in Japanese Laid-open Patent Publication No. HEI 06- 
312943. Through the process, lactic acid copolymers of 
varying molecular weight and varying compositional 45 
molar ratio can be prepared. 
[0022] The obtained copolymer can be formed into a 
scleral plug by utilizing the compression molding tech- 
nique. 

[0023] The scleral plug can have a shape equivalent so 
to those disclosed in Japanese Laid-open Patent Publi- 
cation No. HEI 06-312943. Briefly described, the scleral 
plug preferably has a nail-like shape that comprises a 
head portion that prevents the scleral plug from falling 
into the eye and a shaft portion to be inserted into a ss 
scleral incision. It is also preferable that the tip portion of 
the shaft has an acute-angled shape such as a cone or 
a pyramid. The scleral plug usually has a length of about 



6 mm with the head portion having a diameter of about 
2 mm and the shaft portion having a diameter or width 
of about 1 mm. The total weight of the scleral plug is 
about 9 mg. 

[0024J The scleral plug of the present invention is 
mainly used for treatment or prevention of intraocular 
diseases such as diseases of a vitreous body of retina. 
However, the scleral plug can be applied to various dis- 
eases by selecting the kind of drug. For example, since 
the interferon-p has a neovascularization inhibiting 
property, it can be suitably applied to macular degener- 
ation, diabetic retinopathy, central retinal vein obstruc- 
tion, glaucoma caused by vascularization, and the like. 
Further, since the interferon-p also has an antiviral prop- 
erty, it can be applied to various viral infectious diseases 
of intraocular tissues as well. 

Best Modes f or Carrying Out the Invention 

Example 1 (Preparation of fine particles of lactic acid 
copolymer) 

[0025] A lactic acid copolymer (PLGA, 500 mg) having 
a weight average molecular weight of about 33,000 with 
a compositional molar ratio of DL-lactic acid/glycolic 
acid being 75/25 was dissolved in a mixture of methyl- 
ene chloride (2 ml) and acetone (100 ml). The solution 
was added dropwise to an aqueous solution (2 w/v%, 
200 ml) of polyvinyl alcohol (PVA) while stirring with a 
magnetic stirrer. After the mixture was stirred for two 
hours in vacuum by suction with an aspirator, the result- 
ing suspension was filtrated with a membrane fitter 
(hole diameter: ^m). The filtrate was ultracerttrifuged 
(1 56,000 x g) for one hour. The obtained precipitate was 
re-dispersed in purified water (q.s.) and then the disper- 
sion was uftracentrifuged again to give fine particles. 
The fine particles were re-dispersed in purified water 
(1 5 ml) and then lyophilized to give 495 mg of fine parti- 
cle powder. 

[0026] The fine particles had an average particle 
diameter of about 100 nanometers, which confirmed 
that the particle diameter was in the order of nanome- 
ters. 

[0027] In a similar manner as above, fine particles 
having a different particle diameter can be prepared by 
varying the mixing ratio of methylene chloride and ace- 
tone which were used as a solvent. 

Example 2 (Preparation of fine particles with a drug 
adsorbed on their surface) 

[0028] The PLGA fine particle powder (125 mg) 
obtained in Example 1 was re-dispersed in purified 
water (2.5 ml). A solution (75 ul) of interferon-p (IFN-P) 
(7.5 x 10 4 units, dissolved in a phosphoric acid buffer 
containing 0.1% of bovine serum albumin) and purified 
water (175 \i I) were added dropwise thereto. The mix- 
ture was stirred for 30 minutes with a magnetic stirrer, 
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followed by lyophilization to give the objective fine parti- 
cles with the drug adsorbed on their surface (IFN-p 
/PLGA powder). 

Example 3 (Formation of a scleral plug) 

[0029] The fine particles with the drug adsorbed on 
their surface obtained in Example 2 were put into a mold 
for compression molding to form a scleral plug. 

Comparative Example 1 (Acetic acid dissolution 
method) 

[0030] PLGA (125 mg, identical to the one used as a 
starting material in Example 1) was dissolved in acetic 
acid (2.5 ml). To the solution were dropwise added 75 uJ 
of an IFN-p solution (identical to the one in Example 2) 
and purified water (175 u I). Immediately after cfissoiu- 
tion, the mixture was lyophilized to give IFN-p/PLGA 
powder. 



TABLE 1 



IFN-p/PLGA powder 


Specific activity 


Example 2 


95.4 


Comparative Example 1 


31.2 


Comparative Example 2 


9.9 



[0036] As is apparent from the results shown in this 
Table, little decrease of the IFN-p activity was observed 
in the IFN-p/PLGA powder of the present invention, 
whereas extremely large decrease of the IFN-p activity 
is was observed in the solution method of Comparative 
Example 1 and the emulsion method of Comparative 
Example 2, in which the IFN-p was brought into contact 
with an organic solvent respectively. 



Comparative Example 2 (w/o type emulsion method) 

[0031] PLGA (125 mg, identical to the one used as a 
starting material in Example 1 ) was dissolved in chloro- 2s 
form (2.5 mf). To the solution were dropwise added 75 uJ 
of an IFN-p solution (identical to the one in Example 2) 
and purified water (1 75 u I). After the dropwise addition 
was completed, a stable w/o type emulsion was pre* 
pared by ultrasonication (600w, 60 seconds) followed by 30 
lyophilization to give IFN-p/PLGA powder. 
[0032] The present invention provides the following 
effects. 

[0033] In order to verify whether or not fine particles of 
a tactic acid copolymer having a drug of protein derrva- 35 
tives adsorbed on their surface were obtained without 
decreasing the activity of the drug, a residual activity of 
the drug was measured. The activity of INF-p in the IFN- 
p /PLGA powder of Example 2 was measured, in which 
the interferon-p (IFN-p) was used as a representative 40 
example of the drug of protein derivatives. As compara- 
tive tests, the activity of INF-p in the IFN-p/PLGA 
obtained in Comparative Examples 1 and 2 was meas- 
ured. 

[0034] The activity was measured as follows. The IFN- 4s 
p/PLGA powder (1 0 mg) was added to a mixture of puri- 
fied water (2 ml) and chloroform (4 ml). After shaking for 
30 minutes, the mixture was centrifuged (10 minutes), 
followed by measuring the activity of the IFN-p in the 
aqueous phase by means of EUSA. In this extraction so 
operation, it was separately confirmed that the activity 
of the IFN-p did not decrease. The results are shown in 
the following Table. 

[0035] The numerals in the Table show specific activ- 
ities (average values of three examples) when the actrv- ss 
ity of the first IFN-p is assumed to be 1 00. 



Industrial Applicability 

[0037] As shown above, the present invention pro- 
vides a novel sustained -release composition of a drug 
of protein derivatives that is liable to be inactivated by 
heating or contact with an organic solvent In particular, 
the present invention provides a technique of faming 
the composition into a sclera] plug for use in allowing the 
drug to be released into a vitreous body for treatment or 
prevention of intraocular diseases. 

Claims 

1. A composition characterized by comprising a drug 
of protein derivatives adsorbed on a surface of fine 
particles of a lactic acid copolymer. 

2. The composition according to claim 1, wherein an 
average diameter of the fine particles is less than 
1.000 nanometers. 

3. The composition according to claim 1 , wherein an 
average diameter of the fine particles is within a 
range of 50 to 500 nanometers. 

4. The composition according to claim 1. wherein the 
drug of protein derivatives is an interferon. 

5. The composition according to claim 4, wherein the 
interferon is an interferon-p. 

6. The composition according to daim 1 , wherein the 
lactic acid copolymer comprises lactic acid units 
and glycolic acid units. 

7. A composition characterized by comprising an 
interferon-p adsorbed on fine particles of a lactic 
acid copolymer that comprises lactic acid units and 
glycolic acid units, the fine particles having an aver- 
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age diameter ol less than 1 ,000 nanometers. 



drug being gradually released into a vitreous body. 



8. A scleral plug formed from a composition character- 
ized by comprising a drug of protein derivatives 
adsorbed on a surface of fine particles of a lactic s 
acid copolymer. 

9. The scleral plug according to daim 8, wherein an 
average diameter of the fine particles is less than 
1,000 nanometers. 10 

10. The scleral plug according to claim 8, wherein an 
average cfiameter of the fine particles is within a 
range of 50 to 500 nanometers. 



11. The sclera] plug according to claim 8. wherein the 
drug of protein derivatives is an interferon. 

1 2. The scleral plug according to claim 1 1 , wherein the 
interferon is an interferon*^ 

13. The scleral plug according to claim 8, wherein the 
lactic acid copolymer comprises lactic acid units 
and glycolic acid units. 

14. A scleral plug formed from a composition character- 
ized by comprising an interf eron-p adsorbed on fine 
particles of a lactic acid copolymer that comprises 
lactic acid units and glycolic acid units, the fine par- 
ticles having an average diameter of less than 
1,000 nanometers. 



15 



20 



25 



30 



15. The scleral plug according to claim 8, wherein a 
weight average molecular weight of the lactic acid 
copolymer is within a range of 1 0,000 to 1 ,000.000. 35 



16. The scleral plug according to daim 8, wherein a 
weight average molecular weight of the lactic add 
copolymer is within a range of 20.000 to 200,000. 

17. The scleral plug according to any one of claims 8 to 
16. wherein a compositional molar ratio of the lactic 
acid units to the glycolic add units is within a range 
of 50/50 to 100/0. 

18. The sderal plug according to any one of claims 8 to 
16, wherein a compositional molar ratio of the lactic 
acid units to the glycolic add units is within a range 
of 50/50 to 80/20. 

19. The sderal plug according to any one of claims 8 to 
16, wherein a compositional molar ratio of the lactic 
acid units to the glycolic add units is within a range 
Of 70/30 to 80/20. 



40 



45 



50 



21. A scleral plug for treatment or prevention of an 
intraocular diseases, the scleral plug being formed 
from a composition characterized by comprising a 
drug of protein derivatives adsorbed on a surface of 
fine particles of a lactic acid copolymer, the drug 
being gradually released into a vitreous body. 

22. The scleral plug according to daim 21 , wherein the 
intraocular diseases is a retinal disease. 

23. The scleral plug according to claim 22, wherein the 
retinal disease is diabetic retinopathy, macular 
degeneration, or retinal central vein obstruction. 

24. A scleral plug formed from a composition character- 
ized by comprising an interferon- (J adsorbed on a 
surface of fine particles of a tactic acid copolymer, 
the lactic add copolymer having a compositional 
molar ratio of lactic acid units to glycolic add units 
within a range of 50/50 to 100/0 and having a 
weight average molecular weight of 10,000 to 
1,000,000, the interferon- p being gradually 
released into a vitreous body. 

25. A scleral plug formed from a composition character- 
ized by being formed comprising an irtterferon-p 
adsorbed on a surface of fine particles of a lactic 
acid copolymer, the lactic add copolymer having a 
compositional molar ratio of lactic add units to gly- 
colic acid units within a range of 70/30 to 80/20 and 
having a weight average molecular weight of 
20,000 to 200,000, the interferon-p being gradually 
released into a vitreous body. 

26. The sderal plug according to any one of daims 8 to 

25, wherein the lactic acid units are in L-, D-, or DL- 
form. 

27. The scleral plug according to any one of daims 8 to 

26. manufactured by compression molding. 



20. A sderal plug formed from a composition compris- 
ing a drug of protein derivatives adsorbed on a sur- 
face of fine partides of a lactic acid copolymer, the 
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